Mitotic catastrophe constitutes a special case of apoptosis whose suppression entails aneuploidy.
A conflict in cell cycle progression or DNA damage can lead to mitotic catastrophe when the DNA structure checkpoints are inactivated, for instance when the checkpoint kinase Chk2 is inhibited. Here we show that in such conditions, cells die during the metaphase of the cell cycle, as a result of caspase activation and subsequent mitochondrial damage. Molecular ordering of these phenomena reveals that mitotic catastrophe occurs in a p53-independent manner and involves a primary activation of caspase-2, upstream of cytochrome c release, followed by caspase-3 activation and chromatin condensation. Suppression of caspase-2 by RNA interference or pseudosubstrate inhibitors as well as blockade of the mitochondrial membrane permeabilization prevent the mitotic catastrophe and allow cells to further proceed the cell cycle beyond the metaphase, leading to asymmetric cell division. Heterokarya generated by the fusion of nonsynchronized cells can be driven to divide into three or more daughter cells when Chk2 and caspases are simultaneously inhibited. Such multipolar divisions, resulting from suppressed mitotic catastrophe, lead to the asymmetric distribution of cytoplasm (anisocytosis), DNA (anisokaryosis) and chromosomes (aneuploidy). Similarly, in a model of DNA damage-induced mitotic catastrophe, suppression of apoptosis leads to the generation of aneuploid cells. Our findings delineate a molecular pathway through which DNA damage, failure to arrest the cell cycle and inhibition of apoptosis can favor the occurrence of cytogenetic abnormalities that are likely to participate in oncogenesis.